Plant species diversity is an important index reflecting the functional complexity and stability of ecosystems. Human activity can completely alter plant species diversity and cause serious degradation of ecosystems but its impact on bamboo forest still lacks of systematic evaluation. In this study, we performed a field investigation to reveal the influences of human disturbances on the plant diversity and stability of Moso bamboo forests at Southern China. The selected bamboo fields contained different intensities of human activities that could be classified as slight, moderate and severe disturbance level. Species richness index S, Shannon-Wienner index H, Simpson index D, Pielou index Jsw, community similarity index IS and community stability index were employed to quantitatively evaluate the plant species diversity and stability. The survey revealed that there were 203 species belonging to 83 families and 108 genera in Moso bamboo forests. The number of plant species in the Moso bamboo forests decreased with the increasing of disturbance intensity. The species diversity indexes generally followed the order of slight > moderate > severe disturbance, as well as the richness index S, Shannon-Wienner index H and Pielou index Jsw. The similarity and species stability of the bamboo forest communities also decreased with the increase of the disturbance intensity. Under the severe disturbance, plant species replacement occurred strongly. The obtained results provide some a guideline for the sustainable management of bamboo forest.
Introduction
D isturbance frequently alters spatial patterns of species diversity and its influence on ecological system has become a widely concerned subject for research [1] [2] [3] . Disturbance generally includes natural and human activities that destroy the ecosystem, community or species structure, and significantly change the effectiveness of the matrix substance and the physical environments [4] . Human disturbances such as logging [5, 6] , burning [5, 7, 8] , livestock grazing [9, 10] , urban development [11] [12] [13] have had a marked influence on vegetation composition and dynamics, as well as terrestrial and aquatic ecosystem processes [14] [15] [16] [17] [18] . In particular, several studies have shown that regional vegetation patterns at the time of European settlement were related to climate, physiography, or natu-ral disturbance regime, and that these patterns have been altered or obscured by human disturbance since settlement [19] [20] [21] [22] [23] [24] . Although human activity can completely change the original forest landscape, destroy ecosystem stability and plant community species diversity, and even cause serious degradation of ecosystems [25] [26] [27] [28] , its impact on ecological system, especially on the species diversity and the stability of forest communities is still poorly understood and lacks of systematic evaluation. It is generally recognized that the community with a high diversity, which affected by low human disturbance, can increase the productivity of the plant community, the retention of nutrients in the ecosystem, and the stability of the ecosystem [29] [30] [31] . However, many examples of research practice do not meet this point. Some scholars argued that diversity can lead to the stability of the community and the process of the system, but it will not lead to the stability of population level [32] [33] [34] .
Phyllostachys pubescens (Moso bamboo) is an important economic plant and widely distributed in China. It has characteristics of fast growth, short harvesting period and sustainable management [35, 36] . As an important material resource and ecological barrier, it also contributes to regional economic development. However, in some of the major bamboo producing areas, bamboo farmers have planted large area of pure bamboo forest with frequent reclamation of the forestland. Together with excessive application of chemical fertilizers, long-term use of chemical herbicides, these have caused a fragile bamboo forest ecosystem. Declines of biodiversity and site productivity, as well as the deterioration of regional ecological environment have been reported in the main producing areas [36] [37] [38] . Long-term over-management also caused significant deduction in both quantity and quality of bamboo shoot production [39, 40] . All of these call for an urgent need of scientific management strategy through maintaining integrity of bamboo forest ecological system. Therefore, the objective of this study was to evaluate the impact of human disturbance on the species diversity and the stability of bamboo forest communities.
Materials and methods

Profile of the Experimental Area
The experimental area located in Anji County (30 o 27'13"-30 o 28'45" N, 119 o 40'33"-119 o 40'54" E), Huzhou City, Zhejiang Province of China. It is characterized by subtropical monsoon climate with considerable amount of sun and four distinct seasons. The average annual temperature is 16.6 o C with a lowest temperature in January (-5.5 o C) and a highest temperature in July (30.8 o C). The annual sunshine hours are in the range of 1613 to 2430 h and pre-cipitation 761-1780 mm. Average frost-free period in the site is about 231 d and relative humidity above 70%. The soil type is yellow soil and yellow brow soil. Among the 563.73 hectare (ha) of testing land, bamboo forest covered 309.27 ha, accounting for 54.86% of the total area. Bamboo cultivation and bamboo shoot processing are important part of the mainstay industries in the region.
Selection of the Bamboo Forest
In the experimental area, we selected three test sites with same soil type and similar landform. Each site has different intensity of human disturbance, classified as slight (A), moderate (B) and severe disturbance (C). Slight disturbance site A was mixed forest, distributed in the edge of natural forest. The vertical bamboo density in this site was 3600 ± 55 plants/ha with 9.20 ± 0.34 cm of average diameter at breast height (DBH). The ratio of number of plants between age structures (named as grades, grade I refers 1-2 years; grade II refers 3-4 years; and so on) was 31: 34: 17: 18 for grade I:II:III:IV, respectively. No removal of weeds, neither leveling off hilltops nor fertilization was applied in this site. Moderate disturbance B site was also mixed forest but had a higher bamboo density of 3920 ± 52 plants/ha and DBH of 10.04 ± 0.56 cm. The ratio of number of culms between was 33:32:22:13 for grade I:II:III:IV, respectively. Removal of weeds and leveling off hilltops were conducted once every year but no fertilization was applied. The severe disturbance C site was mainly bamboo, mixed with a small amount of arbor species. The bamboo density was 4500 ± 61 plants/ha with a ratio of 25:44:20:11 for number of culms between grades. Manually removal of weeds and leveling off hilltops were conducted 1 to 2 times every year. Besides, compound fertilizer was applied during June-July or September-October through ditch application method. For all the sites, the management also included retaining the shoots and cutting the forests only seasonally. Each site was at least 1.2 ha in area.
Plot Setup and Survey
Three plots of 20 m × 20 m were set up in each type of test sites (Table 1) . Each plot was equally divided into four 10 m × 10 m survey areas for arbors. Along the diagonal of each plot, we arranged six 5 m × 5 m survey areas for shrubs and twelve 1 m × 1 m quadrats for herbaceous. The total number of areas for tree layer, shrub layer and herbage layer were 36, 54 and 108 respectively.
In the tree layer, the type of tree species, DBH, height and the crown width were recorded for the all plants higher than 3 m. In the shrub layer, the type of plant species, height and crown width were recorded for all the woody individuals with height less than 3 m, including tree seedlings and saplings. Survey in the herbaceous layer included the type of species, number of plants (number of clusters), height, coverage of herbaceous vines and ferns. According to the DBH, large woody vines were included in the tree layer or shrub layer, respectively.
Soil was sampled in three layers (0-20 cm, 20-40 cm and 40-60 cm) at five positions randomly picked from a zigzag line. Soil fertility was measured by standard soil chemical analysis. These parameters were used to evaluate the community stability. 
Data Processing and Analysis
According to the survey data, relative density, relative significance (relative coverage) and relative frequency of the tested species were calculated. The importance values (IV) of the species in each plot were also calculated. Based on the IVs, diversity index of species was further evaluated. This included species richness index S value, Shannon-Wiener's diversity index H value, Simpson's dominance index D value, Pielou's evenness index Jsw value and Alatalo's evenness index Ea value. The species diversity in bamboo stands was then evaluated based on the species diversity index [41] [42] [43] [44] [45] . The related definitions were listed as: Relative density = number of plants per species / total plant number of all species;
Relative density = number of plants per species / total plant number of all species;
Relative frequency = number of occurrences of a species in a quadrat/ total number of occurrences of all species in the quadrat;
Relative coverage = coverage of a species / coverage of all species;
IV for tree layer = (relative density + relative significance + relative frequency) / 3; IV for shrub layer or herbaceous layer = (relative density + relative coverage + relative frequency) / 3;
Richness index S = number of species present in the quadrat.
Simpson's dominance index:
where P i is the ratio of the number of individuals n i in the i th species to the total number n of all species, that is, P i = n i / n; i=1,2, 3, ..., S, and S is the number of species.
Sorensen's index was used to compare the community similarity IS=[2C/ (A + B)] × 100%, where A (B) is the number of species in plot A (B), C is the number of species shared between plot A and B.
We applied 11 factors including soil fertility, species diversity and human disturbance intensity to the membership function of fuzzy mathematics to evaluate plant community stability, i.e: P (X ijk ) = P ijk / P kmax , where P (X ijk ) is the standardized value of k-th index of the j-th attribute of the i-th community, Pijk is the original k-th index of j-th attribute of the i-th community, and P kmax is the maximum value of the k-th index of all communities [46] . Community stability indicators included (1) soil fertility: Participation factors are soil organic matter, total nitrogen, total phosphorus, available nitrogen and available phosphorus contents; (2) species diversity: Participation factors include species richness index, species diversity index (Simpson index and Shannon index), evenness index (Pielou index and Alatalo index); and (3) human interference intensity: according to the actual survey results, we artificially assigned 1 for the slight grade, 0 for the Medium grade, and -1 for the severe grade [46] .
Data were analyzed in SPSS 22.0 and DPS 9.5 software using one-way ANOVA method with least significant difference (LSD) P <0.05.
Results
Secies Composition in the Bamboo Plant Community
In the 9 bamboo plots with a total area of 3600 m 2 , we recorded 203 plant species. They belong to 108 genera of 83 families, mainly include Rosaceae, Gramineae, Liliaceae, Compositae, Lauraceae, Pteridiaceae, Labiatae, Leguminosae, Theaceae, Rubiaceae, Orchidaceae, Fagaceae, and Ericaceae. As shown in Table 2 , there are obvious species diversity differences among the plant layers in the species composition. The herb layer contributes most to the species diversity of the Phyllostachys pubescens forest with arbor layer the least. In detail, there were 34 species in the arbor layer, belonging to 28 genera in 22 families. They mainly consisted of Lauraceae, Fagaceae, Leguminosae and Juglandaceae. The 72 species in the shrub layer were classified into 37 families and 50 genera. They were mainly Rosaceae, Camelliaceae, Lauraceae, Leguminosae, and Euphorbiaceae. The herbaceous layer had 95 species, belonging to 48 family and 79 genera. They were mainly Gramineae, Compositae, Lepidoptera, Lupus, Euphorbiaceae, Shaped flowers, and Lily. The species composition of bamboo plant community also varied with human disturbance ( Table 2 ). In the slight-disturbed bamboo forest, we found 142 species belonging to 72 family and 89 genera; in the moderate-disturbed plots, 125 species belonging to 83 genera and 64 families; in the severe disturbed plots, 103 species belonging to 80 genera and 61 families. Clearly, both numbers of species and families decrease with the increase of human disturbance. 
Species Important Value in the Bamboo Community
Comparison of Species Diversity in the Bamboo Community
As shown in Table 6 , the values of S, H, D, Jsw and Ea in the tree layer of bamboo showed a decreasing tendency with the increase of disturbance intensity. Despite the difference between the slight and moderate disturbances are not significant (p> 0.05), the difference between the moderate and severe disturbances are significant (p<0.05).
In the shrub layer, these values were higher in the moderate disturbed plots than in the slight and severe disturbed forests with S value at the significance level (p <0.05). In the herb layer with severe disturbance, all the values were 
Comparison of Plant Community Similarity in the Bamboo Fields
Plant community similarity was quantified using Sorensen's index and summarized in Table 7 , where a higher value indicates a higher similarity. It is clear that human disturbance has shown a great influence on the community similarity within each of the layers, especially within the shrub and herb layers. The similarity decreased with the increase of disturbance intensity. Between different levels of disturbances, species substitution occurred strongly while composition changed gradually, evidenced by the gradual decline of the sun-loving plants and the strong invasion of shade loving plants. All these together reduced the similarity among communities.
Comparison of Soil Fertility Characteristics in the Bamboo Community
In terms of total P, available N and P, soil fertility follows the order of slight < moderate < severe disturbance, regardless of the soil depth. However, the total nitrogen and content of organic matter showed varied trends but were least in the moderately disturbed bamboo community. In general, the relative fertility distribution among different disturbances remains unchanged with soil depth.
Comparison of the Stability of Phyllostachys pubescens Community
Stability of Moso bamboo community was estimated using the membership function method in fuzzy mathematics. Eleven factors from three types of indices (soil fertility, species diversity and disturbance) were included in the evaluation. The stability result was summarized in Table 9 , which showed an obvious decrease from 0.8880 to 0.7791 with increase of disturbance from slight to severe. Indicating that human activities greatly affect the stability of the bamboo plant community, and the near-natural management is beneficial to the stability of the community.
Discussion and Conclusion
Species diversity changes are closely related to species habitat, therefore more studies of environmental factors on the effects of species diversity are conducted [47] . However, biological factors, especially human activities, have shown a significant impact on species diversity of plant community [48] [49] [50] . Here we demonstrated that increase of human disturbance not only significantly reduces the species diversity in the bamboo forest, but also affects the species composition and distributions of the dominant species. There are most tree layer species and shrub layer species under the slight and moderate disturbances, respectively. While under the severe disturbance, there appear more herb layer species. The number of tree layer species and its change are likely related to the selective removal of arbor species in the process of man's activities (such as leveling of hilltops, reclamation). The number of shrub layer species is related to the competition with the dominant bamboo forest for the light, nutrient and water content, so that part of the shrub species is eliminated and suitable ones developed. Numbers of species in the herb layer seems to benefit from human activities, which improve the growth conditions (space, light, water and fertilizer, etc.) of the herbs under the bamboo forest. All these indicate that persistent human disturbance change the plant community structure, vegetation type, community succession direction. In the bamboo dominated forests, many studies have revealed that bamboo species have been observed to flourish following human disturbances, resulting in a decrease in woody species abundance, richness, diversity, regeneration, and basal area [51] [52] [53] [54] through their competitive superiority in terms of the capture of light and other resources [55] [56] [57] [58] [59] [60] [61] [62] .
In terms of species diversity index (S), H value, D value, Jsw value and Ea value, they decrease with the increase of human disturbance intensity. Consistent with previous findings [37, 53, 54] , the severe disturbance shows obvious negative effect on the species diversity of the bamboo plant community (table 6) . However, on the plant layer level, human activities show diverse effects on species diversity. For Phoebe zhennan communities, human disturbances such as selective logging and high intensity of tourism activities will have a greatest negative impact on the shrub and herbaceous layers [63] . To the same layers, however, moderate disturbance is found to promote the species diversity for pinus taiwanensis communities [64] . In the shrub layer of our bamboo forest, the S and H values are the highest under the moderate disturbance, while in the herb layer, the values are highest under the severe disturbance. The mixed effects on species diversity by human activity may be related to the ecological behaviors of the species at the layer of the plant community, such as their different tolerances to disturbance and the utilized breeding strategies, but on the other hand, it may be related to the length of disturbances and the geographical position of the forest. Surely, human disturbance also affects the similarity and stability of the bamboo plant community. Our results show that the similarity and stability indexes decrease with the increase of human disturbance. Especially under the severe disturbance, plant species replacement occurs strongly in the bamboo plant community, and the community stability reduces apparently. Thus, our results may provide guidelines for a sustainable management of bamboo forest.
